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ABSTRACT. We describe and illustrate the mono- 
lypic new genus and species Caobangia squamata 
(Polypodiaceae), endemic to limestone ridges in 
northern Vietnam. Caobangia is superficially sim- 
ilar to the predominantly Neotropical genera Micro- 
gramma and Pleopeltis, but its affinities appear to 
be with Lepidogrammitis, comprising about eight 
species in China and southeastern Asia. Caobangia 
is characterized by long-creeping filiform rhizomes, 
clathrate rhizome scales, simple, monomorphic to 
subdimorphic, densely acicular-scaly blades, and a 
single row of sori on each side of the midrib. 

Key words: Caobangia, Polypodiaceae, Viet- 
nam. 


Discovery of a new genus of ferns, based solely 
on previously undescribed species of an avowedly 
non-hybrid nature, is an uncommon event. Quite 
recently, a new genus and species (Mankyua che- 
Juense B.-Y. Sun et al.) of the eusporangiate fern 
family Ophioglossaceae was described from Cheju 
Island, Korea (Sun et al., 2001), but previous to 
that, the last such new genera of which we are 
aware were the description of Podosorus angustatus 
Holttum (1966), Polypodiaceae, from the Philip- 
pines, Cystoathyrium chinense Ching (1966), Athy- 
riaceae, from China, and Nephopteris maxonii Lel- 
linger (1966), Pteridaceae, from Colombia. 

Recent pteridophyte floras of areas within east- 


ern Asia fail to provide clues as to the identity of 


our species, and one quickly comes to “blind al- 
leys” in available keys. In the recent Flora Male- 
siana treatment for Polypodiaceae (Hovenkamp et 
al., 1998), our undescribed taxon will key to Lem- 
maphyllum s.l. (including Lepidogrammitis), in the 
sense that name is applied by Hovenkamp, but his 
description of Lemmaphyllum is at variance with 
Caobangia in several important respects (see dis- 
cussion under the new genus below). In an effort 
to identify the plant we describe herein, we have 
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consulted, without success, keys to genera and spe- 
cies from the following areas: Vietnam (Tardieu- 
Blot & Christensen, 1941; Pham-Hoang, 1991, 
1999); Thailand (Smitinand & Larsen, 1989); Chi- 
na (Lin, 2000); Malaysia (Holttum, 1954); Malesia 
(Hovenkamp et al., 1998); and Taiwan (Huang, 
1994). We have also shown a specimen of the plant 
in question to knowledgeable colleagues in Asia 
(especially China and Japan), Europe, and North 
America, and no one has seen anything remotely 
resembling the plant described below. Without hes- 
itation, therefore, we name this taxon as a new ge- 


nus and species. 


Caobangia A. R. Smith & X. C. Zhang, gen. nov. 
TYPE: Caobangia squamata A. R. Smith & X. 
C. Zhang. Figure 1. 


A Lepisoro et Lepidogrammitide laminis dense squa- 
malis, squamis fere laminis occultantibus, rubro-brunneis, 
plerumque 5-6 mm longis, base peltatis clathratis mar- 
ginibus dentatis, apice acicularibus non-clathratis dentatis 
differt; a Lemmaphyllo s. str. sori rotundatis discretis ca. 
2 mm diametro, laminis monomorphis vel subdimorphis 
squamis numerosis acicularibus differt. 

Rhizomes long-creeping, filiform, sparingly 
branched, approximately terete, dorsiventral with 
two rows of dorsal fronds, rather sparsely set with 
roots, not ant-inhabited, densely sealy; scales lack- 
ing hairs at the bases (non-comose), acicular and 
nearly entire from peltately attached, clathrate, 
strongly and irregularly toothed bases. Fronds 
short-stipitate to nearly sessile; stipes scaly, lacking 
obvious articulation lines or swellings at bases: 
blades herbaceous to chartaceous, entire, elliptic to 
ovate, monomorphic to subdimorphic in size and 
shape, dark green-brown when dried, stellate hairs 
lacking, densely scaly on both sides with persistent 
red-brown, hairlike scales; blade scales with pel- 
tate, clathrate, laciniate-margined bases and very 
long, acicular, uniformly red-brown, non-clathrate, 
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Figure 1. Caobangia squamata A. R. Smith & X. C. Zhang, based on Loc et al. CBL 1698 (PE, UC). —A. Plant 
habit. —B. Abaxial blade surface, with sorus. —C. Adaxial blade surface. —D. Rhizome scale. —E. Scale from abaxial 
surface of blade. —F. Scale from adaxial surface of blade. —G. Scale near sorus. —H. Sporangium. —I. Spores. —J. 
Venation in a portion of fertile leaf, with scales removed; stippled areas indicate soral receptacles, with sporangia 


removed. 
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dentate to laciniate tips. Venation: midribs distinct, 
sclerenchymatous (darkened, but hidden by red- 
brown scales), main lateral veins indistinet or dis- 
tinct only in the basal 1/5 or less in cleared fronds, 


10-13 per side, anastomosing and forming irregular 


areoles (1 row of large areoles adjacent to midrib, 
0-2 additional rows of smaller areoles toward mar- 
gins), areoles with occasional free veinlets, these 
simple (unforked), almost always recurrent, im- 
mersed, not or only faintly visible adaxially, veins 
toward blade margins often ending freely, hyda- 


thodes lacking. Sori in single rows within the larger 


areoles, midway between midrib and each margin, 
round, not confluent, + 
scales. Sporangia stalked, lacking paraphyses, with 
16 to 19 indurated annulus cells, mixed with acie- 
ular scales; spores monolete, whitish, papillate to 


rugose, fully mature spores not seen. 


The name Caobangia is chosen to acknowledge 
the area where this most distinctive fern grows. It 


is the name of the province, as well as the name of 


the capital city of the province. “Cao,” in Vietnam- 
ese, means high; “Bang” refers to a locality with 
more or less flat terrain, The province of Cao Bang 
is in a limestone area, carved with many often nar- 
row valleys. The city of Cao Bang lies in the largest 
valley of this province, surrounded by high moun- 
tains. The Cao Bang limestone area is one of the 
richest areas for plant diversity in Vietnam, and 
many endemic or relatively restricted plants are 
known from the region (Averyanov, 1998; Loc et al., 
1999a, 1999b; Hiep et al., 2000). Recent collec- 


tions from this area from diverse families of ferns 


and seed plants have proven to be first records of 


species from Vietnam, e.g., Cyrtomium hemionitis 
H. Christ (Dryopteridaceae) (see (http://mobot. 
mobot.org/W3T/Search/vast.html)), Loxogramme 
grammitoides (Baker) C. Christensen (Polypodi- 
aceae), Pteris actiniopteroides C. Christensen (Pter- 
idaceae), Pseudotsuga brevifolia W. C. Cheng & L. 
K. Fu (Pinaceae), Campylotropis henryi (Schindler) 
Schindler (Leguminosae), Luculia yunnanensis S. Y. 
Hu (Rubiaceae), Myrsine kwangsiensis (E. H. Walk- 
er) Pipoly & C. Chen (Myrsinaceae), Paphiopedil- 
um dianthum T. Tang & F. T. Wang and Paphio- 
Tang & F. T. Wang 


(Orchidaceae), and Swertia nervosa (Wallich ex G. 


pedilum micranthum T. 


Don) C. B. Clarke (Gentianaceae) (see Loc et al.. 
1999b, for more examples). 

The habitat of Caobangia is on limestone ridges 
in closed tropical seasonal submontane conifer for- 
est dominated by Pseudotsuga brevifolia W. C. 
Cheng & L. K. Fu mixed with Pinus kwangtungen- 
sis Chun ex Tsiang, sometimes with Calocedrus ma- 


obscured by acicular 


crolepis Kurz and Amentotaxus argotaenia (Hance) 
Pilger. The common angiosperm found in the over- 
story is Quercus. In the understory (7—15 m tall) 
are the conifers Nageia fleuryi (Hickel) de Lauben- 
fels, and Podocarpus brevifolius (Stapf) Foxworthy. 
and angiosperms Platycarya strobilacea Siebold & 
Zuccarini, Pistacea weinmannifolia J. Poisson ex 
Franchet, and species of Acer, Carpinus. Elaeocar- 
pus, Eriobotrya, Sorbus, Schefflera, and Ulmus. 
Shrubs and herbs abound; among the latter are nu- 
merous species of Orchidaceae, terrestrial as well 
as epiphytic. Ferns and bryophytes are similarly 
abundant, both as lithophytes and epiphytes. The 
limestone ridges on which this forest community 
occurs are extremely eroded, composed of resistant, 
marble-like rock outcrops interspersed with thin 
soil pockets. The climate is tropical, with cool win- 
ters (5 months, from November to March. with 
mean monthly temperature below 17° Celsius) and 
summer rains. There is no dry period: all months 
have rainfall over 25 mm (see Van et al.. 2000). 

Affinities of this distinctive new genus are ob- 
scure, on initial inspection, other than being an un- 
doubted member of the Polypodiaceae. Character- 
istics placing it firmly in Polypodiaceae include the 
long-creeping, sparingly branched, clathrate-scaly 
rhizomes: articulate fronds: simple blades; areolate 
venation with included recurrent veinlets; lack of 
hairs on the blades; round, dorsal, exindusiate sori; 
and monolete, bilateral whitish spores. Moreover, it 
grows on rocks, a habitat favored by many members 
of this family. Within Polypodiaceae, only Platycer- 
ium and Pyrrosia in the Paleotropics and subtropics 
bear such dense scales on the blade, and the scale 
type found in Caobangia (peltate-acicular and clath- 
rate at the base) is strongly at variance with the stel- 
late scales found in platycerioid genera. We suggest 
that Caobangia is probably a member of the lepi- 
soroid clade, comprising the genera Drymotaenium, 
Lepisorus, Lepidogrammitis, Lemmaphyllum, and, 
more remotely, Belvisia (tribe Lepisoreae of Hennip- 
man et al., 1990). From all of these, Caobangia dif- 
fers in the densely scaly blades. Additionally, from 
Lepisorus it differs in lacking peltate scales from the 
receptacle. Caobangia is more distantly related to 
the microsoroid genera, which include Microsorum, 
Leptochilus, Neocheiropteris, Colysis, and Phymato- 
sorus (Nooteboom, 1997, 1999), and it differs from 
these by the single regular row of sori between mid- 
rib and blade margin and the abundant peltate-acic- 
ular scales on the blades. 

The closest living relative of Caobangia may be 
the genus Lepidogrammitis Ching, sometimes treat- 
ed as a synonym of Lemmaphyllum (e.g.. by Hen- 


nipman et al., 1990). Lepidogrammitis (Ching, 
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1940), which we prefer to recognize at generic 
rank, comprises perhaps eight species in China and 
southeastern Asia (Lin, 2000). It is characterized 
by long-creeping, filiform rhizomes, clathrate rhi- 
zome scales, fronds with simple, monomorphic to 
subdimorphic or dimorphic blades, and, on each 


fertile blade, a single row of sori on each side of 


the midrib. Most of the species are restricted to 
China. Lepidogrammitis differs from Caobangia in 
having the rhizome scales decidedly clathrate 
throughout their entire length (including tips). gla- 
brous or nearly glabrous, subcoriaceous or fleshy 
blades, strongly articulate stipe bases, and pres- 
ence of stalked peltate scales within the sori. The 
venation in at least some species of Lepidogram- 
mitis (see, e.g.. Lin, 2000, fig. 19.8, Lepidogram- 
mitis drymoglossoides (Baker) Ching) is similar to 
that of Caobangia (Fig. 1J) except that in Caoban- 
gia there is a less continuous intramarginal union 
of the vein tips around the periphery of the blade. 
and veins of Caobangia often end freely near the 
margin, 

If one compares Lemmaphyllum sensu Hoven- 
kamp (in Hovenkamp et al., 1998) with Caobangia, 
one notes the following differences: rhizome scales 
peltately attached at the base (never basifixed, as 
described for some Lemmaphyllum), scales also 
acicular and essentially entire beyond the base (vs. 
dentate to lacerate in Lemmaphyllum): blades her- 
baceous to chartaceous, densely scaly on both sur- 
faces (vs. more or less succulent and glabrous or 
essentially so in Lemmaphyllum): veins forming one 
large and an incomplete smaller second row of ar- 
eoles between midrib and margin (vs. 2 or 3 rows 
of areoles in Lemmaphyllum; see, e.g.. fig. 19.2 in 
Lin, 2000); and sori round (vs. round to elliptic to 
longitudinally coenosoriate in Lemmaphyllum), sori 
lacking round-peltate paraphyses (vs. paraphyses 
round-peltate in Lemmaphyllum). Fronds of Lem- 
maphyllum s. str. (2 or 3 species) are often strongly 
dimorphic, and the sori appear linear and subacros- 
tichoid (confluent) at maturity. Lemmaphyllum car- 
nosum (Hooker) C. Presl bears a few scattered 


scales on the lamina abaxially (e.g., van der Werff 


et al. 14216. UC. from Vietnam), but these are 
round-peltate to ovate, much less strikingly acicu- 
lar than those in Caobangia, only about 1 mm long, 
and strongly clathrate throughout. Lemmaphyllum 
accedens (Blume) Donk, sometimes placed in the 
segregate genus Weatherbya, is widespread in Ma- 
lesia to Polynesia and is yet more distantly related. 
Both Lemmaphyllum s. str. and Lepidogrammitis 
are relatively common epiphytes in low-elevation 
forests in southern China and southeast Asia. 
There is no close relationship that we see to any 


known genus of New World Polypodiaceae. From 
Pleopeltis, perhaps the most superficially similar 
genus, Caobangia differs in having acicular scales 
from a peltate base on all parts of the blades (in- 
stead of round-peltate scales). The rhizome scales 
of Caobangia are non-comose and uniformly col- 
ored, contrasting with the comose, bicolored scales 
found in many species of Pleopeltis. Microgramma, 
also with simple blades, has non-clathrate rhizome 
scales lacking acicular tips; it is more remotely re- 
lated, although still somewhat superficially similar. 
Unpublished molecular work by Haufler et al. place 
Pleopeltis and Microgramma solidly within a large 
clade of Neotropical Polypodiaceae, and separate 
from nearly all Old World genera of Polypodiaceae, 
which form their own large clade (Schneider et al., 


ms. in prep.). 


Caobangia squamata A. R. Smith & X. C. Zhang, 
sp. nev. TYPE: Vietnam. Cao Bang: Ha Lang, 
Thang Loi, vicinity of Lung Sam village, 
22°45'N, 106°42'E, 550-600 m, 24 Apr. 
1999, P. K. Loc, P. H. Hoang & L. Averyanov 
CBL 1698 (holotype, HN not seen; isotypes, 
LE not seen, KUN not seen, MO 5291090 not 
seen, PE, UC). Figure 1. 


\ Lepidogrammitide rostrata (Beddome) Ching laminis 
dense squamatis, squamis fere laminis occultantibus, rub- 
ro-brunneis. plerumque 5-6 mm longis. base peltatis 
clathratis, marginibus dentatis vel laciniatis, apice aci- 
cularibus dentatis non-clathratis differt. 


Rhizomes ca. | mm diam., 2—4 cm between stipe 
bases. densely covered with numerous ascending 
and outwardly curved, overlapping scales: scales 
dark red-brown, ca. 5 mm long, peltate bases ca. 
0. 4—1.2 mm wide (including teeth), also with a few 
short teeth to 0.2 mm long in proximal third of the 
long acicular scale tips, distal portion of scales un- 
iseriate for 1-2 mm. Fronds to 7.5 X 1.8 cm; stipes 
mostly 1-10 mm long, with scales similar to those 
of blades: sterile blades ovate to broadly elliptic or 
short-oblong, often shorter and more rounded than 
the fertile at their bases but equaling the fertile in 
width (transitional shapes appear to occur), mostly 
ca. half the length of the fertile fronds or less, 
rounded at tips, densely covered (but some laminar 
tissue visible between overlapping scales) on both 
sides with persistent scales mostly 5—6 mm long, 
scales acic ilar from peltate, clathrate, dentate-mar- 
gined or laciniate bases, the acicular tips uniformly 
red-brown and non-clathrate, bearing up to ca. 10 
teeth per side, teeth up to 0.3 mm long, scales 
curved anc. ascending or spreading, extending up 
to 5 mm beyond blade margins. Sori up to ca. 9 on 
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each side of midrib, up to 2 mm diam.. difficult to 
see because of the dense overlayer of scales. 

Plants rare, epipetric on vertical shaded lime- 
stone cliffs of northern exposure, in secondary wet 
evergreen broadleaved forest with remnants of pri- 
mary elements on steep slopes and bluffs of karst 
remnant limestone ridge. The type was distributed 
under the name Lepisorus, and is the only known 
collection. 


Acknowledgments. We especially thank Phan 


Ke Loc, Hanoi University, one of the collectors of 


this plant, for comments on the habitat and vege- 
tation of this area. We thank also Leonid Averyanov. 
Komarov Botanical Institute, St. Petersburg, for the 
suggestion of the generic name, Hans Nooteboom, 
Leiden, and W. M. Chu, Yunnan University, for ex- 
amining and commenting on plants of Caobangia. 
and two anonymous reviewers for their constructive 
and helpful comments. Harald Schneider, Duke 
University and Univ. Göttingen, has kindly made 
available a photograph of the venation of cleared 
leaves. Finally, we thank the artist, Ji Chao-Zhen, 
for rendering the illustration, and Linda Vorobik for 
final alterations in the plate. The expedition that 
collected Caobangia for the first time was funded 
by a grant from the U. S. National Geographic So- 
ciety to L. V. Averyanov (grant no. 6300-98). 


Literature Cited 


Averyanov, L. V. 1998. Familiae Orchidaceae species no- 
vae et rarae in flora Vietnami. Novosti Sist. Vyssh. Rast. 
31: 39-07 |in Russian]. 

Ching, R. C. 1940. On natural classification of the family 
“Polypodiaceae.” Sunyatsenia 5: 201-268. 

. 1966. Three new fern genera. Acta Phytotax. Sin. 
11: 17-29. 

Hennipman, E., P. Veldhoen & K. U. Kramer. 1990. Po- 
lypodiaceae. Pp. 203-230 in K. Kubitzki (editor). The 
Families and Genera of Vascular Plants, Vol. I. Pteri- 
dophytes and Gymnosperms. Springer-Verlag, Berlin. 

Hiep, N. T., P. K. Loc & L. V. Averyanov. 2000. Some 
new species for the flora of Vietnam collected from the 


Novon 


limestone mountains of Caobang prov. J. Biol. (Hanoi). 
22(4): 1-11 [in Vietnamese, summary in English]. 

Holttum, R. E. 1954. A Revised Flora of Malaya, Vol. H. 
Ferns of Malaya. Government Printing Office, Singa- 
pore. 

1960. New ferns from Malesia. Kew Bull. 20: 
455-400. 

Hovenkamp, P., et al. 1998. Polypodiaceae. Pp. 1-234 in 
C. Kalkman et al., Flora Malesiana. Series I. Ferns and 
Fern Allies. Rijksherbarium, Leiden. 

Huang, T.-C. (editor-in-chief). 1994. Flora of Taiwan, 2nd 
ed., Vol. 1; 1-648. Editorial Committee of the Flora of 
Taiwan, Taipei, Taiwan. 

Lellinger, D. B. 1966. Nephopteris, a new genus of ferns 
from Colombia. Amer. Fern J. 56: 180-182. 

Lin, Y. 2000. Pteridophyta: Dipteridaceae, Polypodiaceae, 
Platyceriaceae, Loxogrammaceae, Salviniaceae, Chei- 
ropleuriacae (sic), Drynariaceae, Grammtidaceae (sic), 
Marsileaceae, Azollaceae. Flora Reipublicae Popularis 
Sinicae 6(2): 1-404. 

Loc, P. K., N. T. Hiep & L. Averyanov. 1999a, Some 
threatened plant species on limestone of Caobang prov. 
needed to be protected in priority. Vietnam Forest. Rev. 
12: 35-36 [in Vietnamese, summary in English]. 

— — 1999h. Are there new plant 
records from Caobang limestone? /n Conservation and 
Sustainable Development of Biodiversity in Limestone 
Areas of Vietnam. Forestry Inventory and Planning In- 
stitute, Hanoi [in Vietnamese}. 

Nooteboom, H. P. 1997. The microsoroid ferns. Blumea 
42: 261-395. 

. 1999, The microsoroid Polypodiaceae: The gen- 
era and species and their delimitation. Pp. 45-53 in 
X.-C. Zhang & K.-H. Shing (editors), Ching Memorial 
Volume. China Forestry Publishing House, Beijing. 

Pham-Hoang, Hò. 1991. Căyco Viet Nam = An Illustrated 
Flora of Vietnam, Vol. 1(1). Pham- Hoàng Ho, Montreal. 

——.. 1999. Căyco Viét Nam = An Illustrated Flora of 
Vietnam, Vol. 1. TP Hô Chi Minh. 

Smitinand, T. & K. Larsen, 1989. Flora of Thailand. Pte- 
ridophytes. Vol. 3(4): 481-640, 

Sun, B.-Y., M. H. Kim, C. H. Kim & C.-W. Park. 2001. 
Vankyua (Ophioglossaceae): A new fern genus from 
Cheju Island, Korea. Taxon 50: 1019-1024. 

Tardieu-Blot, M. L. & C. Christensen. 1941. Fougères. /n 
H. Lecomte (editor), Flore Générale de lIndo-Chine. 
Vol. 7(Part 2, Fascicle 9): 433-544. 

Van, N. K., N. T. Hien, P. K. Loc & N. T. Hiep. 2000. 
Bioclimatic Diagrams of Vietnam. Vietnam National 
University Publishing House, Hanoi. 


